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APPARATUS, AND ASSOCIATED METHOD,
FOR COMMUNICATING A DATA BLOCK IN
A MULTI CARRIER MODULATION
COMMUNICATION SCHEME TOGETHER
WITH AN IDENTIFICATION SEQUENCE
SUPERIMPOSED THEREON

The present mmvention relates generally to a manner by
which to communicate a data block 1n an OFDM, or other
MCM-based system. More particularly, the present invention
relates to apparatus, and an associated method, by which to
send the data block, altered 1n a manner to facilitate its com-
munication, together with assistant data for side information
to facilitate recovery of the informational content of the data
block, once received.

The assistant data, forming, e.g., an identification
sequence, 1s superimposed upon the data block, and does not
require separate channel capacity, such as a channel subcar-
rier, to communicate the assistant data. Channel bandwidth
eificiency 1s improved.

BACKGROUND OF THE INVENTION

The availability of radio communication systems through
which to communicate 1s a necessary aspect for much of
modern society. Many varied types of radio communication
systems have been developed and used for various purposes.
Cellular radio communication systems, for instance, have
achieved significant levels of usage. Network infrastructures
of cellular communication systems have been installed to
encompass significant portions of populated areas of the
world. Successive generations of cellular communication
systems have been developed, and their network 1nirastruc-
tures deployed and 1nstalled. Early-generation cellular com-
munication systems were used primarily for voice communi-
cations. Successor-generation systems provide increasingly
for data communication services, including multi-media
communication services.

A cellular communication system 1s generally a band-
width-constrained system. That 1s to say, the radio-frequency
bandwidth allocated to a cellular communication system 1s
limited, and the limited bandwidth sometimes constrains the
communication capacity of the system. Other radio commu-
nication systems are also similarly and also generally band-
width constrained. Efforts are therefore made to make effi-
cient use of the allocated bandwidth. And, communication
schemes have been developed to make the most efficient
possible use of bandwidth allocated to a communication sys-
tem. For instance, OFDM (Orthogonal Frequency Division
Multiplexing) schemes have been proposed and planned for
use as part of a new-generation, cellular communication sys-
tem. In an OFDM communication scheme, sub-carriers are
defined. The sub-carriers are mutually orthogonal, or nearly
orthogonal. In general, 1n an OFDM symbol, each subcarrier
1s 1ndependently modulated, often implemented by the
inverse discrete Fourier transtorm (IDFT). In addition, cyclic
prefix (CP) 1s often padded to the transformed data sequence
alter IDFT. There 1s a heightened need, in an OFDM-based
system, to control power levels of the transmitted signal at
which data 1s communicated. A PAPR (Peak-To-Average
Power Ratio) 1s a power characteristic of the transmitted
signal that 1s of significance in communications in an OFDM-
based communication system. In general, a higher PAPR
requires the power amplifier (PA) to have a wider linear
dynamic range, forces PA to work at a lower average power,
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which makes the power efficiency lower, costs more electrical
energy, reduces battery life, and reduces the service coverage
areas.

There 1s an ongoing need to provide a manner by which to
communicate data in an OFDM communication system 1n
which the PAPR of the transmitted signal 1s of an acceptable
level. If, the data that i1s to be communicated 1s altered (i.e.
processed) 1n some manner to improve the PAPR, indication
of the manner by which the alteration 1s made often needs to
be communicated to the receiving communication station. In
many cases such information 1s needed by the recerving com-
munication station to permit the receiving communication
station to make 1nverse processing for the alteration process-
ing, thereby to facilitate recovery of the informational content
of the transmitted data.

One conventional scheme to reduce PAPR, referred to as
Partial Transmit Sequence (PTS) scheme, 1s sometimes uti-
lized. In a Partial Transmit Sequence scheme, for each OFDM
symbol of the data that 1s sent by sending station, additional
information also needs to be sent by the sending station to
inform the recerving station that recerves the communicated
data a set of coeflficients. Such additional communication,
referred to, at times, as side-information (SI), 1s transmitted,
e.g., upon reserved sub-carriers. This need to send separate
information on the reserved sub-carriers, or otherwise, 1s at
the expense of bandwidth etficiency. That 1s to say, bandwidth
1s required to send the side-information. And, when capacity
1ssues on the reserved sub-carrier, such bandwidth 1s no
longer available for other purposes.

What 1s needed, therefore, 1s both a manner by which to
place data 1n a form that leads to improved signal PAPR levels
and also a manner by which to provide side information
related to the alteration processing of the data into the form
leading to the improved PAPR to a receiving station.

It 1s 1 light of this background information related to
communications 1 a communication system that utilizes a
multi-carrier modulation scheme that the significant
improvements of the present invention have evolved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a functional block diagram of an exem-
plary communication system in which an embodiment of the
present invention 1s operable.

FIGS. 2A-B illustrates a process diagram representative of
the process of operation of an embodiment of the present
invention.

FIG. 3 illustrates a method flow diagram of the method of
operation of an embodiment of the present invention.

DETAILED DESCRIPTION

The present mvention, accordingly, advantageously pro-
vides apparatus, and an associated method, by which to com-
municate a data block 1n a symbol of an OFDM-based, or
other MCM-based, communication system.

Through operation of an embodiment of the present inven-
tion, a manner 1s provided by which to send the data block,
altered 1n a manner to facilitate 1ts communication, together
with assistant data for side information, to facilitate recovery
of the informational content data block, once received.

In an embodiment of the present ivention, the assistant
data 1s superimposed upon the altered data, after IDFT and
alter optional padding of the cyclic prefix (CP). By superim-
posing the assistant data upon the processed data block that 1s
to be communicated, the conventional need to use a reserved
sub-carrier, or other bandwidth, upon which to communicate
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the assistant data 1s obviated. Improved bandwidth efficiency
1s thereby provided. However, in general the assistant data can
be superimposed on the processed data before or after IDFT,
and before or after optional padding of the cyclic prefix (CP),

with corresponding adjustment of processing order in the
receiving station.

In another aspect of the present invention, a data block that
1s to be communicated by a sending station 1s combined
together with a scrambling sequence that 1s of characteristics
to cause the resultant combination, a product sequence, to
lead to a signal PAPR of selected characteristics. The selected
characteristics of the PAPR, or other power indicia, ensures
that the resultant combination leads to a signal PAPR of an
acceptable level or, 1f not possible, then a PAPR of best-
available characteristics. In one implementation, the scram-
bling sequence consisting of a stream of 1 or —1 and of the
same length of the data block 1s multiplied together with the
data block to form a resultant product. If a first product,
tformed of a first scrambling sequence and the data block does
not lead to a PAPR of an acceptable level, an additional
iteration, using another scrambling sequence, 11 available, 1s
performed. Successive 1terations are performed, with succes-
stve independent scrambling sequences, until a product 1s
formed that leads to an acceptable PAPR or no remaining
scrambling sequences are available. If successive 1terations
are pertformed and no product leads to an acceptable PAPR,
selection 1s made of a product that leads to a best signal PAPR.

Thereby, a product s formed that leads to either an acceptable
signal PAPR or a best-available signal PAPR.

In another aspect of the present invention, an identification
sequence, acting as the assistant data as mentioned above, 1s
formed that corresponds to the scrambling sequence used to
form the selected product sequence. The identification
sequence 1s superimposed upon the transformed product
sequence, after ODFT and after the optional padding of CP as
a special embodiment, such as by summing together, by a
summing element, function, or procedure, to include, as part
of the data that 1s communicated, the identification sequence.
Through the superimposition of the identification sequence
upon the transformed data that 1s to be communicated, the
data, when communicated, includes the identification
sequence that 1dentifies the scrambling sequence used 1n the
formation of the product sequence. A separate signal, such as
a signal sent upon one or more sub-carriers 1s not required. It
should be understood that in general the identification
sequence can be superimposed prior to or after the IDFT
operation, and prior to or after the optional padding of CP,
with corresponding adjustment of processing order in the
receiving station.

In another aspect of the present invention, a receiving sta-
tion detects reception of the communicated data block,
formed of the transformed product of the data block and the
scrambling sequence, with optional CP padded, and upon
which the identification sequence i1s superimposed. Once
detection 1s made, determination 1s made of the 1dentification
sequence superimposed upon the communicated data block.
And, once the 1dentification sequence 1s determined, the iden-
tification sequence 1s removed.

In another aspect of the present invention, determination of
the 1dentification sequence 1s made by way of a correlation
function, procedure, or enfity. The detected data block 1is
correlated with every possible i1dentification sequence that
can be superimposed upon the data block that 1s communi-
cated. The correlation value that exhibits the highest correla-
tion 1s considered to be associated with the identification
sequence that 1s superimposed upon the data block. And, the
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identification sequence i1s removed from the detected data
block, such as by subtracting the identification sequence out
of the detected data block.

In another aspect of the present invention, the scrambling,
sequence 1s also removed out of the detected data block after
DFT. Because of the one-to-one correspondence between the
identification sequence and the associated scrambling
sequence, determination of the identification sequence also 1s
determinative of the scrambling sequence. The scrambling
sequence 1s removed, for 1nstance, pursuant to a multiplica-
tion function, procedure, or entity.

Thereby, a data block 1s placed 1nto a form to facilitate 1ts
communication with a selected PAPR. An identification
sequence 1s superimposed upon the properly processed data
block, thereby to provide a receiving station with an indica-
tion of the scrambling sequence used to alter an input data
block. The superimposition of the identification sequence
upon the data block obviates the need for use of one or more
separate sub-carriers upon which to convey such side infor-
mation.

In these and other aspects, therefore, apparatus, and an
associated method, 1s provided for a communication station
operable pursuant to a multi-carrier modulation communica-
tion scheme. An altered data block generator 1s configured to
generate an altered data block for an accepted PAPR respon-
stve to an input data block. A combiner 1s configured to
combine together an indication of the altered data block with
an 1dentification sequence. The 1dentification sequence 1den-
tifies the parameters or characteristics used 1n alteration of the
iput data block by which the mput data block 1s altered,
thereby to form the altered data block.

In these, and other, aspects, further apparatus, and method
1s provided for a communication station operable pursuant to
a multi-carrier modulation communication scheme. A detec-
tor 1s configured to detect a receive signal received at the
communication station. The recerved signal includes an 1ndi-
cation of a data block, altered by a scrambling sequence and
an 1dentifying sequence that identifies the scrambling
sequence.

Referring first, therefore, to FIG. 1, portions of a radio
communication system, shown generally at 10, include a set
of communication stations 12 and 14, interconnected by way
of a radio air interface 16. In the exemplary implementation,
the communication system 10 forms, an OFDM (Orthogonal
Frequency Division Multiplexing)-based communication
system. The communication system 1s, however, more gen-
erally representative of any type of communication system 1n
which data 1s communicated between a set of communication
stations. The communication system 10 1s, e.g., representa-
tive of a 4G (fourth-generation) OFDM-based cellular com-
munication system. While the following description shall
describe exemplary operation with respect to this exemplary
implementation, 1t should be understood that the following
description 1s exemplary only and that the communication
system 1s also analogously representative of any of various
other communication systems 1n which data 1s communicated
between a set of communication stations.

Additionally, the communication station 12 shall here be
considered a network station, and the communication station
14 shall here be considered a mobile station. And, description
of operation shall describe downlink communication, that is,
communication 1 which the network station forms the send-
ing station, and the mobile station forms the recerving station.
As a cellular communication system 1s a two-way system,
operation of the communication stations i which uplink
communications are carried out, 1.e., communication of data
from the mobile station to the network station 1s analogous,
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and the corresponding parts of the communication stations
operated 1n such uplink communications are analogous.

A data source 22 sources data, here formatted into blocks.
Each data 1s a value taken from an M-ary signal constellation
set. Each data block 1s formed of N data values.

The data sourced by the data source 1s provided to a trans-
mit chain part of the sending station forming the communi-
cation station 12. The transmit chain includes the apparatus
24 of an embodiment of the present invention. The apparatus
1s formed of Tunctional entities, implementable 1n any desired
manner including, for instance, algorithms executable by pro-
cessing circuitry or hardware equivalents. Here, the apparatus
includes an altered data block generator 28 and a combiner
32.

A data block sourced at the data source 22 1s provided, here
represented by way of the line 34, to a multiplier 36 that
operates to combine the data block with a scrambling
sequence, here provided to the multiplier by way of the line
38. A scrambling sequence B(q) 1s selected to alter the Peak-
To-Average Power Ratio (PAPR) of the signal after IDFT
when subsequently communicated by the communication
station. The scrambling sequence 1s provided by a scrambling
sequence originator 42 formed, e.g., by a sequence generator
or a cache at which sequences are stored and available for
retrievable for application to the multiplier 36. Selection of
the scrambling sequence, 1n one implementation, 1s iterative.
That 1s to say, a first scrambling sequence 1s combined with
the data block, and a determination 1s made as to whether the
PAPR of the resultant sequence after IDFT 1s acceptable. If
s0, the product sequence 1s forwarded on to the transmit chain
portion of the communication station 12. If, however, the
PAPR, or other power 1ndicia, 1s unacceptable, then another
scrambling sequence 1s provided, combined with the data
block, and a determination 1s made as to whether the new
product sequence results 1 an acceptable PAPR. Successive
iterations are performed, 11 needed, until no more scrambling
sequences are available. In such a scenario, a best-available
product sequence 1s used. That 1s, a product sequence that
leads to the minimum PAPR 1s utilized, and provided to other
portions of the transmit chain part of the communication
station. Selection of the scrambling sequence 1s here repre-
sented to be made by a selector 44. As indicated, the selector
selects a value of g, causing selection of a corresponding
scrambling sequence, to be provided and used pursuant to the
formation of the product sequence by the multiplier 36. Selec-
tion made by the selector 1s, e.g., made 1n a manner as just-
described to ensure that the product sequence leads to an
acceptable, or best-available, PAPR.

The transmit chain portion further includes an IDFT (In-
verse Discrete Fourier Transform) operator 48 that 1s pro-
vided, here by way of the line 52, the product sequence
tformed by the multiplier 36. The operator 48 performs an
IDFT upon the product sequence, and the transformed prod-
uct sequence X 1s provided, here by way of the line 34, to a
Cyclic Prefix Part (CPP) padder 56. The padder 56 adds the
cyclic prefix part to the transtormed product sequence and the
resultant sequence vy, 1s provided here by way of the line 58, to
a summing element 62. The summing element 62 forms part
of the combiner 32 of the apparatus 24. The combiner 1s also
provided with an identification sequence C(q), here repre-
sented by way of the line 66. The line 66 indicates that the
identification sequence 1s selected together with selection of
the scrambling sequence. In the exemplary implementation,
the 1dentification sequence forms a bipolar identification
sequence, one-to-one corresponding to the scrambling
sequence, with a sullicient magnitude that 1s caused, through
operation of the summer 62 to be superimposed upon the
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transformed product sequence, together with the cyclic prefix
part added thereto. The 1dentification sequence 1s of a length
of W, and the sequence provided on the line 38 1s also of a
length of W. Further 1n the exemplary implementation, each
clement of the identification sequence takes a value of A or
minus A where A 1s a positive real number. However, 1t should
be known that 1n general A can also be a complex number.
This 1s to say, the identification sequences are formable, 1f
desired, to be of complex values.

The 1dentification sequences are selected to exhibit good
orthogonality. Exemplary identification sequences include
Gold-code sequences, Walsh-code sequences, and others that
similarly also exhibit good orthogonality.

The i1dentification sequence 1dentifies the scrambling
sequence used 1n the formation of the product sequence. By
its superimposition upon the product sequence, the resultant
summed sequence, generated here on the line 72, 1dentifies
the scrambling sequence used 1n the product sequence forma-
tion. A separate subcarrier upon which to communicate such
information 1s obviated.

The data block, altered by the scrambling sequence, trans-
formed by the IDFT operator, added with the cyclic prefix,
and superimposed with the 1dentification sequence, 1s com-
municated upon the radio air interface 16 and delivered to the
communication station 14, here a mobile station. The receive
chain portion of the mobile station includes further apparatus
78 of an embodiment of the present invention. The apparatus
78 1s functionally represented, implementable 1n any desired
manner, for stance, algorithms executable by processing
circuitry or hardware equivalents. Here, the apparatus
includes a detector entity 82 and an identification sequence
remover 84.

The detector operates to detect reception at the communi-
cation station 14 of the communicated data block. In an 1deal
system, the communicated data block, u, 1s 1dentical to that
transmitted by the communication station 12. Disregarding
any distortion, u=y+C(q). The detector further detects the
identification sequence, C(q) that 1s superimposed upon the
transformed product sequence to which the CP 1s prepended.
The detector contains a bank of correlators that correlate the
received data, 1.e., the communicated data sequence with each
ol the possible 1dentification sequences that could have been
superimposed upon the modified product sequence.

Here, a real-valued operator provides the real-valued parts
of the communicated data sequence on the lines 92 that
extend to correlators 94, when A 1s a real number as an
example. The correlators 94 correspond in number to the
number of possible identification sequences, and correspond-
ing number of scrambling sequences, a selected one of which
1s possibly superimposed upon the altered data block. A maxi-
mum correlation determiner 96 1s coupled to receive indica-
tions, on the lines 98, of the correlations performed by the
correlators 94. The determination made by the determiner 1s
provided to a switch function 102, here by way of the line 104,
whose switch position 1s determinative of which 1dentifica-
tion sequence, sourced on the lines 106, 1s passed on the line
108.

The line 108 extends to a negative input of a summing,
clement 112 of the identification sequence remover. The com-
municated data sequence 1s provided to a positive input of the
summing element, here by way of the line 116. Operation of
the summing eclement subtracts out the identification
sequence applied by way of the line 108 from the received
data sequence. Thereby, through correlation operations per-
formed by the correlator forming the detector, the identifica-
tion sequence 1s determined and then subtracted out of the
received data.
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The line 118 extends to a Cyclic Prefix Part (CP) remover
122 that operates to remove the cyclic prefix part added to the
communicated data sequence. The result, the sequence x' 1s
provided, by way of the line 124, to a Fast Discrete Fourier
Transtorm (FDT) operator 126. Transtormed values are pro-
vided by way of the line 128 to a multiplier 132. The multi-
plier 132 multiplies together the transformed values with
scrambling sequence values provided by way of the line 136.
The line 136 originates at a scrambling sequence selector 142
that, 1n turn, receives an indication, also by way of the line
104, of the determination made by the determiner 96. The
product formed by the multiplier 132 1s of data sequence that
corresponds to the mput data sequence sourced at the data
source 22.

Thereby, the correlation operations performed upon the
communicated data block determines the identification
sequence to permit 1ts subtraction out of the communicated
data block. And, determination 1s further made of the scram-
bling sequence, and the scrambling sequence 1s multiplied out
of the communicated data block to form a resultant data block
that corresponds to the input data block. The data block,
through 1ts combination with the scrambling sequence, 1s
placed 1n a form that leads to an improved PAPR, and the side
information of the identification of the scrambling sequence
1s superimposed upon the data to facilitate re-conversion of
the data into original form, once delivered at the receiving
station.

Turning next to FIGS. 2A-B, a process diagram, shown
generally at 162, illustrates the process of operation of an
embodiment of the present invention. The process provides a
manner by which to place an input data block into a form that
leads to a selected PAPR level, to form an altered data block
therefrom, superimpose mformation upon the altered data
block that 1dentifies the alteration to the input data block, and
to recover the informational content of the mput data block
once communicated to a recerving station.

First, and as indicated by the block 164, an mput data
block, formed of data symbol 1s provided. And, as indicated
by the block 166, a scrambling sequence 1s selected. The
scrambling sequence and input data block are multiplied
together, or otherwise combined, as indicated by the block
168, to form a product sequence. IDFT 1s performed, 1ndi-
cated at the block 170.

The PAPR (Peak-To-Average Power Ratio) of the product
sequence 1s determined, as indicated by the block 172. Then,
a determination 1s made, indicated by the decision block 174,
as to whether the PAPR 1s acceptable. If not, the no branch 1s
taken to the block 175 and the IDFT output sequence and its
PAPR are saved. Then, a path 1s taken to the decision block
176. At the decision block 176, a further determination 1s
made as to whether an additional scrambling sequence 1s
available to be combined with the mput data block. If so, the
yes branch 1s taken to the block 177 and a new scrambling,
sequence 1s obtained. Then a path 1s taken back to the block
166. In the subsequent 1teration of the operation at the block
166, the new scrambling sequence obtained at the block 177
becomes the selected scrambling sequence. If no additional
scrambling sequence 1s available at the decision block 176,
then the no branch 1s taken to the block 178, and a selection 1s
made of a transformed product sequence, already-formed and
saved, that exhibits a best PAPR level.

The process then proceeds to the block 182, and a cyclic
prefix part 1s prefixed, 1.e., prepended, to the transformed
product sequence. The yes branch taken from the decision
block 174 also extends to the block 182.

Then, and as indicated by the block 184, the transformed
product sequence, to which the CP has been added, 1s com-
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bined with an identification sequence by superimposing the
identification sequence upon the sequence from block 182.
Theidentification sequence 1s selected correspondingly at the
same time that the scrambling sequence 1s selected at the
block 166.

Then, and as indicated by the block 186, the resultant
combination is sent via sending station to a receiving station,
and the communicated data block 1s detected. A correlation
procedure, indicated by the block 188, 1s carried out to cal-
culate correlations between the communicated data block and
possible i1dentification sequences that possibly have been
superimposed at the process step 184. Responsive to the
correlations, a determination 1s made, indicated by the block
192, of which identification sequence exhibits the greatest
correlation with the communicated data block. And, respon-
stve to such determination, as indicated by the block 194, the
corresponding identification sequence 1s removed by a sub-
traction process, out of the communicated data block. There-
alter, the associated scrambling sequence 1s also removed
alter CP 1s removed and DFT is performed, indicated by the
block 197, out of the communicated data block, thereby to
recreate the input data block. Subsequent recovery operations
thereaiter commence.

FIG. 3 illustrates a method tlow diagram, shown generally
at 202, representative of the method of operation of an
embodiment of the present invention. The method facilitates
communication 1n a communication system operable pursu-
ant to a multicarrier modulation communication scheme.

First, and as indicated by the block 204, an altered data
block i1s generated of a selected power indicia responsive to an
input data block.

Then, and as indicated by the block 206, an indication of
the altered data block 1s combined together with an identifi-
cation sequence. The identification sequence 1dentifies alter-
ation of the mput data to form the altered data block.

By combiming the identification sequence directly with the
data of the data block that 1s to be communicated, a separate
sub-carrier or other bandwidth 1s not required by which to

inform a recerving station of the manner by which a data
block 1s altered.

What 1s claimed 1s:

1. Apparatus for a communication station operable pursu-
ant to a Mult1 Carrier Modulation communication scheme,
said apparatus comprising:

an altered data block generator configured to generate an

altered data block comprising a selected power indicium
formed of a transformed combination of an input data
block and a selected scrambling sequence; and

a combiner configured to add together the altered data

block directly with an identification sequence thatis of a
sequence length equal to that of the altered data block
and that i1dentifies the selected scrambling sequence,
thereby to combine the 1dentification sequence directly
with the altered data block to form a summed sequence,
the summed sequence, when transmitted, transmitting
together the altered data block and the identification
sequence.

2. The apparatus of claim 1 wherein said combiner 1s con-
figured to add together the altered data block directly with the
identification sequence by superimposing the identification
sequence upon the altered data block.

3. The apparatus of claim 1 wherein said combiner com-
prises a summer, said summer configured to sum together the
altered data block together with the 1dentification sequence.

4. The apparatus of claim 1 wherein the identification
sequence 1ncludes real-valued components.
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5. The apparatus of claim 1 wherein said altered data block
generator 1s configured to multiply the input data block
together by a scrambling sequence, the scrambling sequence
when multiplied by the input data sequence, causes the
altered data block to have an acceptable power indicium.

6. The apparatus of claim 5 wherein the acceptable power
indicium of the altered data block comprises a selected Peak-
To-Average Power Ratio.

7. The apparatus of claim 1 further comprising a cyclic
prefix part padder configured to prepend a cyclic prefix to the
transiformed combination of the input data block and selected
scrambling sequence, the altered data block and prepended
cyclic prefix provided to said combiner.

8. The apparatus of claim 1 wherein the altered data block
generator further comprises an inverse Fourier transiorm
apparatus that transforms the combination of the input data
block and selected scrambling sequence.

9. The apparatus of claim 1 wherein the altered data block
1s formed of a product of the mput data block and the selected
scrambling sequence.

10. Apparatus for a communication station operable pur-
suant to a Multi Carrier Modulation communication scheme,
said apparatus comprising:

a detector configured to detect a recerve signal, the receive
signal comprising a summed sequence formed of an
identification sequence summed directly together with
an altered data block exhibiting a selected power indi-
cium and formed of a transformed product of an 1mput
data block and a selected scrambling sequence, the
summed sequence formed by combining the identifica-
tion sequence directly with the altered data block;

a determiner configured to determine the identification
sequence forming part of the receive signal;

an 1dentilfying sequence remover configured to remove the
identifying sequence, 1dentified by said determiner, out
of the recerve signal; and

a Fourier transform apparatus coupled to said identification
sequence remover and configured to transform the prod-
uct of an mput data block and a selected scrambling
sequence.

11. The apparatus of claim 10 wherein said detector com-

prises a correlator.

12. The apparatus of claim 11, wherein said correlator 1s
configured to calculate a correlation of the recerve signal each
ol a set of possible scrambling sequences to determine which
of the possible scrambling sequences exhibits a best correla-
tion with the receive signal.

13. The apparatus of claim 10, wherein said detector 1s
configured to detect the receive signal comprising the
summed sequence formed of the identification sequence
superimposed upon the altered data block.

14. A method for facilitating communication 1n a commus-
nication system operable pursuant to a Mult1 Carrier Modu-
lation communication scheme, said method comprising the
operations of:

generating an altered data block having a selected power
indicium and formed of a transformed combination of an
input data block and a selected scrambling sequence by
multiplying the input data block with a selected scram-
bling sequence and inverse Fourier transforming the
product; and

adding an identification sequence directly to the altered
data block, the identification sequence identifying the
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selected scrambling sequence and being of a length
equal to the scrambling sequence, which alters the input
data block during said operation of generating the
altered data block, to directly combine the identification
sequence with the altered data block, thereby, to form a
summed sequence.

15. The method of claim 14 further comprising the opera-
tion of:

sending the summed sequence; and

detecting reception thereol as a receive signal at a receive
station.

16. The method of claim 15 further comprising the opera-
tion of identifying the identification sequence subsequent to
detection during said operation of detecting reception of the
receive signal at the receive station.

17. The method of claim 16 further comprising the opera-
tion of removing the identification sequence, 1dentified dur-
ing said operation of identifying, out of the recerve signal.

18. The method of claim 14 wherein said operation of
combining comprises adding the identification sequence
directly to the altered data block by superimposing the 1den-
tification sequence upon the altered data block.

19. Apparatus for a communication station operable pur-
suant to a Multi Carrier Modulation communication scheme,
said apparatus comprising:

an altered data block generator configured to generate an
altered data block comprising a selected power indicium
formed of a transformed combination of an 1nput data
block and a selected scrambling sequence;

a cyclic prefix part padder configured to prepend a cyclic
prefix to the transformed combination of the input data
block and selected scrambling sequence; and

a combiner configured to add together the altered data
block and prepended cyclic prefix directly with an 1den-
tification sequence that i1s of a length equal to the trans-
formed combination of the imnput data block and selected
scrambling sequence with the cyclic prefix prepended
thereto and that identifies the selected scrambling
sequence, thereby to combine the identification
sequence directly with the altered data block to form a
summed sequence, the summed sequence, when trans-
mitted, transmitting together the altered data block and
the 1dentification sequence.

20. The apparatus of claim 19 wherein said combiner 1s
configured to add together the altered data block and
prepended cyclic prefix directly with the identification
sequence by superimposing the identification sequence upon
the altered data block and prepended cyclic prefix.

21. The apparatus of claim 19 wherein said combiner com-
prises a summer, said summer configured to sum together the
altered data block and prepended cyclic prefix together with
the 1dentification sequence.

22. The apparatus of claim 19 wherein the i1dentification
sequence 1ncludes real-valued components.

23. The apparatus of claim 19 wherein said altered data
block generator 1s configured to multiply the input data block
with a scrambling sequence, the scrambling sequence when
multiplied with the mput data sequence, causes the altered
data block to have an acceptable power indicium.

24. The apparatus of claim 23 wherein the acceptable
power indictum of the altered data block comprises a selected
Peak-To-Average Power Ratio.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

